Thirteen cases of granulomatous colitis of Boxer dogs were studied by electron microscopy to define the contents of macrophages and to seek infectious agents.
the segment becomes progressively shortened [15] . The lymph nodes that drain colon, cecum, and rectum, and those which receive afferent lymphatics from colic nodes are diseased [15] . In advanced cases generalized lymphadenopathy occurs, and characteristic macrophages can be found in many peripheral lymph nodes.
The macrophages that so strikingly dominate the lesion in this disease are distinctive in size and uniform staining. They are 11-17 pm in diameter and round to oval, with abundant homogeneously globular eosinophilic cytoplasm and prominent eccentric nuclei [ 181. Macrophage cytoplasm is strongly periodic acid-Schiff (PAS) positive and remains positive after diastase treatment. Hale's colloidal iron stain for acid mucopolysaccharides is positive [12] . The cytoplasm shows a lack of reaction for mucus, amyloid, metachromasia, and acid-fastness [15] . The fat stains, oil-red-0 and Sudan black B, stain the cytoplasm, and frozen sections processed by the Schultz method indicate the presence of cholesterol [15] . In formalin-fixed tissues the macrophage layer is orange, suggesting that the lipid-phospholipid-cholesterol contents impart a color that is lost during processing and embedding for light microscopy. Macrophage cytoplasm shows yellow-green autofluorescence, is isotropic to polarized light, and stains positive by Schmorl's lipoid-lipochrome procedure [12] . Occasional macrophages contain bacteria [15, 181. Electron microscopy was used to learn more about the macrophage contents and to seek infectious agents.
Materials and Methods
Diseased colonic mucosa-submucosa was obtained surgically or at autopsy from 13 Boxer dogs with granulomatous colitis. Sections 1 mm* were immediately minced and fixed in cold 4% glutaraldehyde. After refrigerated fixation for 2 h, the minced tissues were washed and stored refrigerated in 0.2 M sucrose phosphate buffer at pH 7.4. Some time later the tissues were refixed in 1-2% osmium tetroxide, immersed for 1 h in 2% aqueous uranyl nitrate, dehydrated in graded ethyl alcohols, and embedded in epon 812 or epon-araldite. Thin sections were cut with glass and diamond knives and stained with lead hydroxide. Preparations were examined with an RCA EMU-3G or JEM-T6S electron microscope.
Results
The predominating macrophages appeared the same from case to case, and were generally of one of three morphologic types. Most frequently seen was a macrophage distended with numerous round, membrane-enclosed residual bodies (aged phagosomes) ( fig. 1,2) . The residual bodies varied from 0.75 to 3.2 pm in diameter, but the majority were similar in size, approximately 1.3 pm in diameter. They were enclosed in a unit membrane and had a consistency of intermediate electron density, that is, gray. The mass of the residual body was composed of membranes and parallel pairs of membranes, many of which were arranged in circular patterns. Many of the residual bodies contained one or more round electron-dense particles varying from 100 to 500 nm in diameter. The sizes and shapes of the dense particles varied considerably from one residual body to the next. In many residual bodies, less distinct and less dense particles had the appearance of dense particles fading into residual body substance. Often two or more residual bodies appeared coalesced to form a larger body.
A second type of macrophage that occurred commonly had a heterogeneous cytoplasm composed of small electron-dense spheres, small granular electron-dense spheres, various sized granular gray spheres, small spherical vesicles, and odd-shaped membranous forms ( fig. 3-5 ). Electron-dense myelin figures occurred occasionally. The smallest electron-dense and granulardense spheres were approximately 90-100 nm in diameter. In most macrophages the heterogeneous agglomerate was either partially or completely packeted within unit membranes. The size of these packets or phagosomes corresponded to the size of the residual bodies, suggesting that the former became the latter after digestion by the macrophage. Some macrophages contained both packeted agglomerate and residual bodies.
A third form of macrophage, which occurred less frequently, was smaller and less filled, and contained few sphere-rich phagosomes, phagocytic vacuoles holding bacteria or structures suggestive of smaller microorganisms ( fig. 6-8) . In four cases few scattered macrophages contained one to 12 rodshaped bacteria approximately 1.6-2.2 pm long and 0.6-0.7 pm in diameter ( fig. 6 ). In five cases small numbers of macrophages contained granular electron-dense structures suggestive of chlamydia ( fig. 6-14) . These were 100-500 nm in diameter, encompassed by a limiting membrane, were rich in ribosomes, and had either an electron-dense or electron-lucent nucleoid. Coccoid, coccobacillary, ring-form, and lobulated 'mature forms' were seen. Most were within phagocytic vacuoles, few seemed to be free within the cytoplasm, and others were incorporated in phagosomes.
In one case, three extracellular yeasts were identified, and in one other an extracellular structure resembling a mycoplasma was seen.
Discussion
Material from all 13 dogs was not examined with the same degree of intensity. All had macrophages filled with residual bodies, but not all were scrutinized for younger macrophages containing microorganism-like structures. Macrophages of the heterogeneous type were seen in most cases.
Bacteria were seen by electron microscopy in four cases, but there is little doubt that repeated attempts would reveal few bacteria-filled macrophages in all cases. The bacteria that were seen were of such a size that they should have been readily apparent by light microscopy, and in fact they are [18, fig. 61 . The bacteria were too few to be regarded as likely causative agents. In similar diseases caused by bacteria, such as Whipple's disease and Johne's disease, macrophage upon macrophage is crammed with bacilli. Furthermore, the composition of the residual bodies and phagosomes of active and mature macrophages in granulomatous colitis of Boxers is inconsistent with the size and composition of the bacteria present.
The smaller electron-dense coccoid, coccobacillary, and lobulated structures are more likely etiologic agents, since a transition from phagocytic particle to phagosomes to residual body was apparent. The small tight circular arrays of membranes within the residual bodies suggested coccoid precursors of the granular electron-dense type and size seen in the heterogeneous macrophages and in phagocytic vacuoles. The relationship between the small, 100-1 50 nm, granular electron-dense spheres in the heterogeneous macrophages and the larger more discrete 300-500 nm chlamydia-like structures in phagocytic vacuoles and phagosomes is not yet clear. Perhaps the smaller spheres were the causative agents (miniature reticulate bodies of chlamydia) [13] , or perhaps they were not agents at all. The variety of sizes and forms in the 100-500 nm range would be consistent with chlamydia [l, 3-5, 10, 131. No larger, paler initial bodies have been seen, however, and the electronlucent nucleoid noted has not been described for chlamydia.
Experimental chlamydia1 infection in calves produces a diffuse granulomatous lesion of colonic lamina propria and submucosa [6] , but large, foamy macrophages, such as occur in the Boxer colitis, have not been described. Light microscopy has failed to demonstrate Wolbach-Giemsa-stained chlamydia in epithelial cells or in macrophages in the canine disease, whereas they are readily demonstrable in epithelial cells of infected calves [6] . Granulomatous colitis of Boxer dogs has morphologic similarities to another chlamydia-induced intestinal disease, colonic lymphogranuloma venereum. Mild and moderately affected Boxer dogs respond to long-term treatment with antibiotics with activity against chlamydia, notably tylosin and chloramphenicol [15, 161. It is possible that granular electron-dense forms, 100-500 nm in diameter, represent various stages of mycoplasma. Bacteriologic cultivation, including the use of PPLO broths, failed to recover mycoplasmas from 10 cases studied. Some of the structures seen, particularly those in figures 9 and 10, resemble rickettsia [ 11, but the smaller and odd-shaped forms are inconsistent with rickettsia1 phases.
On the basis of these observations, it is suggested that granulomatous colitis of Boxer dogs is caused by a lipid-rich, ribosome-rich, coccoid to coccobacillary organism, which possesses a cell membrane, and often a nucleoid element, and ranges from 100 to 500 nm in size. Fig. 10 . Two coccobacillary ribosome-rich structures suggestive of chlamydia, rickettsia, or mycoplasma. They appear free within the cytoplasma of a macrophage, adjacent to a phagosome. Note the limiting cell membrane and electron-lucent nucleoid. Smaller structure is 320 nm in diameter. Reproduced by permission of Comparative Pathology Bulletin. Fig. 11 . Similar ribosome-rich structure within a phagocytic vacuole. A limiting membrane is discernible, and the nucleoid appears as homogeneous dense material containing an electron-lucent vacuole. Structure is 400 nm in diameter. Compare with figure 19 of  ANDERSON er nl. [I] . Fig. 12 . Similar coccoid structure, 200 nm in diameter, apparently free in cytoplasm. Fig. 13,14 . Coccoid ribosome-rich structures resembling chlamydia, within phagocytic vacuoles in macrophage cytoplasm.
